The use and misuse of prescription medications continue to rise in the United States. According to the most recent US National Health and Nutrition Examination Survey, the percentage of people who took at least 1 prescription drug in the past month increased from 44% in 1999 to 2000 to 48% in 2007 to 2008 . 1 The percentage of people who used 5 or more prescription drugs increased from 6% to 11% in the same period. 1 In 2013, the National Drug
Threat Assessment reported that nonmedical use of medications had higher prevalence rates than use of all other illicit substances (except marijuana), with pain relievers being most commonly misused. 2 Admissions for treatment arising from nonmedical use have increased 68% from 2007 to 2010; emergency department visits also increased 91.4% from 2006 to 2010. 2 According to 1307 state and local law enforcement agencies, nonmedical use of medications represented the greatest drug threat, an increase of 9.8% since 2009. 2 Regional data suggest that New England (where 41.1% of prescription medication use is nonmedical), New York---New Jersey (47.1%), the Southeast (38%), and Florida---Caribbean (60.4%) suffer disproportionately in comparison with the rest of the United States (28.1%). Law enforcement agencies also report an increase in the availability of controlled medications without a valid prescription from 40.7% in 2007 to 75.4% in 2013. 2 In 2012, the National Survey on Drug Use and Health estimated that 2.9 million people aged 12 years and older used an illicit substance within the past 12 months. 3 Nonmedical use of prescription medications (defined as "use without a prescription or simply for the experience or feeling the medication caused" 3[p27] )
accounted for 26% of those. Of the people taking prescription medications nonmedically, 54% reported obtaining the medication from a friend or relative for free, 10.9% bought the medication from a friend or relative, and 4% stole the medication from a friend or relative. 3 With an estimated 6.8 million people (2.6% of the US population) using prescription medications for nonmedical purposes and 68.9% of those obtaining these medications from community homes, our own medicine cabinets may be the primary source for abuse, misuse, and overdose deaths. In 2011, the Drug Abuse Warning Network estimated that of approximately 2.5 million drug-related emergency department visits, 1.24 million (51%) were related to nonmedical use of medications (prescription, over-thecounter, and dietary supplements). 4 Long-term trends (2004---2011) reveal a 132% increase in nonmedical use, and short-term trends (2009---2011) reveal a 15% increase. Among emergency department visits related to alcohol, 56% were also found to involve nonmedical use of medications. By contrast, emergency department visits whose main cause was medication involved alcohol only 25% of the time. Almost all 200 000 medication-related suicide attempts involved either prescription or over-the-counter medications, which represents a long-term increase of 41% from 2004 to 2011. 4 The availability of prescription medications has contributed significantly to the rate of accidental poisonings and overdoses. Among children aged 5 years or younger, accidental poisoning involving medications accounted for 318 visits per 100 000 children (67.8% of all accidental poisoning visits in 2011). 4 Drug overdose deaths among adults increased for the 11th consecutive year in 2010, according to the National Center for Health Statistics. 5 From 1999 to 2010, the number of US drug overdose deaths involving prescription opioid analgesics more than quadrupled, from 4030 to 16 651. 5 In 2009, US drug overdose deaths surpassed motor vehicle accident deaths, with prescription opioid pain
Objectives. We evaluated the quantity and type of medications obtained in unused-medications return programs and the proportion of medication waste.
Methods. We analyzed data collected in 11 Maine cities in 2011 to 2013 during 6 Drug Enforcement Administration (DEA) national medication take-back events. Pharmacy doctoral student volunteers collected data under the supervision of law enforcement, independent of the DEA. Data entry into the Pharmaceutical Collection Monitoring System, through its interface with Micromedex, allowed for analysis of medication classification, controlled substance category, therapeutic class, and percentage of medication waste (units returned/units dispensed).
Results. Medication take-back events resulted in return of 13 599 individual medications from 1049 participants. We cataloged 553 019 units (capsules, tablets, milliliters, patches, or grams), representing 69.7% medication waste. Noncontrolled prescription medications accounted for 56.4% of returns, followed by overthe-counter medications (31.4%) and controlled prescription medications (9.1%).
Conclusions. The significant quantities of medications, including controlled substances, returned and high degree of medication waste emphasize the need for medication collection programs to further public health research and improve health in our communities. ( This program ran parallel to the DEA national medication take-back events until 2013. The current prescription drug abuse epidemic is affected by several factors, ranging from improper prescribing or dispensing habits to illegal drug sources.
14 Nonmedical use of prescription medication is a growing public health crisis, with subsequent high annual medical costs related to morbidity, mortality, and addiction. 15 The lack of sustainable medication return programs has left households with unused and often expired medications that are easily accessible to abusers and may be accidentally ingested by children and pets or mistakenly taken by older adults.
Despite the growing national epidemic of prescription medication misuse and abuse, little is known about prescription medication waste in our communities. We evaluated data regarding unused medications collected in 11 Maine cities from 2011 to 2013 during 6 DEA national medication take-back events. One goal was to inform health care providers and public health policy officials about the amount and types of prescription medication waste. A second aim was to elevate awareness of medication waste in our communities and its contribution to increased poisonings and abuse, misuse, and diversion of prescription medications.
METHODS
We recruited 11 medication collection sites independently via the Pharmaceutical Collection Monitoring System (PCMS) coordinator in collaboration with Generation Rx, a subset of the American Pharmacists Association's Academy of Student Pharmacists' chapter at the University of New England. We entered all sites into a use contract with the PCMS tool designers. The PCMS tool (Computer Automation Systems Inc, Aurora, CO) allowed for consistency in all data sets through the use of its interface with Micromedex, a comprehensive drug database by Truven Health Analytics (Greenwood Village, CO) that provides full drug information with American Association of Poison Control Centers coding. 16 Doctor of pharmacy student volunteers collected all data under the direct supervision of licensed pharmacists, independent of the DEA, with direct oversight from local law enforcement. Student pharmacists attended a required 1-hour training session prior to any event. The training session provided information on how to accurately complete the logging sheets and enter the data into PCMS, the process of participant number assignments and removal of patient information from medication containers, and all law enforcement requirements for handling the medications. Each volunteer signed Health Insurance Portability and Accountability Act and Zero Tolerance Diversion sheets prior to handling any medication. Volunteers assigned each participant a number according to the order of arrival at the site. For all returned items, volunteers removed or obscured patient information, placed medications in bags, and labeled them with the participant number prior to logging the information on a log sheet to be entered into PCMS. Information logged comprised classification (prescription, over-the-counter, or controlled prescription), name of medication or product, strength (including units), formulation, original quantity dispensed, quantity returned (manually counted), manufacturer, original fill date, expiration date, and whether the medication was a sample, factory sealed, or mail order. Volunteers compiled full medication information, including controlled substance category (Schedule II---V), with the PCMS tool. We generated Excel (Microsoft Corp, Redmond, WA) reports for each of the data points entered.
RESULTS
Medication take-back events collected a total of 13 599 individual medications (controlled prescription, noncontrolled prescription, and over-the-counter) from 1049 participants. Of the medications returned, we catalogued 553 019 units (capsules, tablets, milliliters, patches, or grams). Upon comparison with dispensed amounts, the collection represented a total of 76.3% medication waste (units returned/ original units dispensed). Upon exclusion for missing original counts (if the original units were missing, we excluded the medication from the total percentage waste calculation), the total medication waste was 69.7%. To clarify, if 100 tablets of a medication were dispensed and 69.7 tablets were turned in at the take-back event, medication waste was 69.7%. The full breakdown of returns is shown in Table 1 .
Controlled substances accounted for 50 549 of the total units collected (9.1%). The therapeutic category breakdown and corresponding percentage waste for controlled substances are shown in Table 2 
DISCUSSION
We collected unused medication data because previous medication take-back events did not routinely report an inventory of types or quantities of returned medications. Out of deference to the request of law enforcement, we were unable to survey participants about their past experiences with unused medications or why they were returning excess medication. The DEA's take-back events were among the first simultaneous medication return programs in the United States, resulting in removal of more than 1400 tons of unused medications from communities across the country. 2 Maine has continuously had the highest amount of returns per capita (range = 589---1676 lb/100 000 population), according to the Maine DEA. According to data from the 3-year collection period (2011---2013), cardiovascular medications consistently accounted for the largest proportion of returns (13.2%). In 2011, a medication take-back event in Hawaii also found that cardiovascular medications were returned at higher proportions than other noncontrolled prescriptions. 18 These findings are not surprising because cardiovascular disease is a silent (i.e., lacking disabling physical characteristics), chronic condition and often requires several dosage adjustments, leading to excess medication. Studies have shown that patients base medication use priorities on perceived benefit and disease severity, which could also lead to unused medication.
19---22
Gray and Hagemeier recently reported that controlled medication returns in rural Appalachia totaled 9.3% of their collection, 23 which closely resembled returns in Maine (9.1%). However, Maine received a total of 50 549 units; the study area in Northeast Tennessee---Southwest Virginia generated 11 406 returned units. This could be a result of Maine's larger aging population: the median age in the state is 42.7 years and in the country, 37.2 years. 24 In the Appalachia and Maine studies, hydrocodone combinations represented the largest proportion of returns (32% and 21.2%, respectively), followed by oxycodone and oxycodone combinations (11% and 21.2%, respectively). 23 It is important to note that Maine had more individual participants (1049 vs 752); however, Maine had fewer individual medications returned (13 599 vs 16 956). 23 Controlled substance returns from Hawaii, Maine, and Northeast Tennessee---Southwest Virginia were similar (10%, 9.1%, and 9.3%, respectively); the most common returns were hydrocodone combinations, oxycodone, and oxycodone combinations. 18, 23 In addition to disposal programs, medication education is an essential component of the overall solution. In a survey completed by Ma et al., 32% of participants reported keeping unused medications in their home, and 67% kept those medications for longer than a year. 18 Another recent study, on the medication storage and retention habits of 191 veterans, revealed that 65.4% kept medication, and 34% reported diverting or sharing medication or obtaining medication from a friend or family member. 25 Of the 65.4% who reported keeping the medication, 44% admitted to holding onto it "just in case" they needed it later. 25 Tanabe et al. had similar findings in a population of emergency department patients, with two thirds reporting they were keeping the medication for "the next time" so they could possibly avoid future emergency department visits. 7 Because the Maine DEA did not allow us complete a survey, we were unable to compare Maine participants' responses with other reported survey results. We catalogued more than half a million pharmaceutical dosages, highlighting the concerns that medication storage in the home represent for health care providers. First, the medications can easily be acquired by children. These medications also serve as a ready source for teen and young adult abuse or experimentation. Excessive medications in the home can also lead to patient confusion and inadvertent overdoses. Furthermore, if patients use the stored medication, without a physician's or pharmacist's knowledge, medication interactions or adverse events can occur, with unknown consequences. Finally, medication storage can increase the risk of home invasions. All of these represent legitimate concerns that need to be properly relayed to patients.
Limitations
We did not assess the exact reasons behind the abundance of medication waste. A survey would have allowed us to better understand participants' past experiences with unused medications and why they were returning excess medication. Several reasons may exist: overprescribing, lack of adherence, allergic reactions, or adverse drug events, or the medication simply didn't work for that individual. Understanding the reasons participants have unused medication is key to understanding how to prevent medication waste.
Manually counting every unit returned can lead to unintentionally missing units. To minimize this limitation, we implemented a protocol to keep noise levels at a minimum to allow for proper concentration. Each volunteer had a paper log at hand to use as a counting sheet, which helped keep track of larger counts. Some participants returned medications outside of their original containers or took the labels off the containers. Volunteers had to manually identify each of those medications from such details as their imprint code, color, and shape. This altered the total percentage waste calculation, because we were unable to determine the dispensed quantity, leading to the variations and exclusions presented. Some medications either could not be identified by their imprint code, didn't have an imprint code, or were liquid substances without labels. This made identification impossible and removed a proportion of medications from our counts (5413 units). Finally, returned medications came from the homes of people who did not take all of their medications for one reason or another. This affected the external validity of the study, because we cannot say that all medications dispensed are wasted 69.7% of the time.
Conclusions
We identified key areas that require additional research. First, demographic information about people who return unused medications and their reasons should be assessed. This would allow the health care sector and community organizations to understand the magnitude of this public health problem and begin to address the accumulation of medications in our communities. Second, retail and institutional market costs reached $325.9 billion for prescription medications in 2012, 26 and are expected to increase, 27 so efforts to reduce medication waste could help control overall medical costs incurred by the public and private sectors. Maine residents returned significant quantities of medications, including controlled substances, at each event over the 3-year study period, which confirms that these drugs are prevalent in our homes and communities. Medication waste was high in all collected therapeutic categories. These observations emphasize the need for sustainable medication collection programs, not only to further research to inform public health policy, but also to improve the health of our communities by removing dangerous and potentially addictive medications from residential areas in an environmentally safe manner. An immediate need exists for educational campaigns targeting patients, health care providers, and community leaders to raise awareness about the risks associated with the accumulation of medications that contribute to poisonings, abuse, misuse, and diversion. Together, collection and education programs will provide Maine residents with opportunities for safe disposal of unused medications, which will decrease waste and overall medical costs and improve the health of our communities. j
